Analysis of Residential Energy Use. by Goldstein, R. J. et al.
HTL TR 
HEAT TRANSFER LABORATORY 
Analysis of Residential Energy Use 
By 
R. J. Goldstein 
M. E. Schneider 
M. I. Clarke 
SEPTEMBER, 1979 
' 
E7900 
UNIVERSITY OF MINNESOTA 
INSTITUTE OF TECHNOLOGY 
School of Mechanical and Aerospace Engineering 
Department of Mechanical Engineering 
MINNEAPOLIS, MINNESOTA 55455 
HTL TR No. 114 
HEAT TRANSFER LABORATORY 
Analysis of Residential Energy Use 
R.J. GOLDSTEIN 
M.E. SCHNEIDER 
M.I. CLARKE 
September, 1979 
MECHANICAL ENGINEERING DEPARTMENT 
INSTITUTE OF TECHNOLOGY 
UNIVERSITY OF MINNESOTA 
MINNEAPOLIS, MINNESOTA 55455 
CURA has supported the work of the 
author(s) of this repo:i but has not 
reviewed it for final publication. 
Its content is solely the 
responsibility of the author(s) and 
is not necessarily endorsed by CURA. 
ABSTRACT 
Data describing energy use in single family residences 
have been compiled and analyzed to provide an empirical 
basis for predicting the potential of conservation efforts. 
Studies undertaken thus far involve three sets of 
residences: 209 homes in St. Paul, 1664 homes in Ward 4 of 
Minneapolis, and 65,539 of the single-family, 
owner-occupied, residences in Minneapolis. Physical 
parameters of the homes obtained from the tax assessor are 
merged with energy use data provided by the two local 
utilities. Both gas and electricity consumption are 
examined extensively. 
Linear regression analysis shows a strong · correlation 
between gas energy use and gross floor area. Other physical 
parameters examined include: mode of heating, wall 
material, number of stories, number of fireplaces, and age 
of home. Even after consideration of all the parameters 
available, a large fraction of the variation in gas energy 
use cannot be explained. These unexplained variations are 
apparently due to the effect of unevaluated physical 
parameters and/or sociological variables included under the 
general term "life style". 
The analysis of electricity use found only a slight 
correlation between electricity use and gross floor area. 
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INTRODUCTION 
Research into residential energy use has usually 
followed one of four traditional approaches. Early 
attempts to understand the energy balance of a home 
consisted of measurements in which a home or homes were 
extensively instrumented and their energy use was 
determined as a function of various parameters. For 
example an experiment of this nature on two research 
homes is described in references 1 and 2. More recently 
a group at Princeton has been carrying out a test 
program of this nature on townhouses in the Twin Rivers 
Project in New Jersey lref. 3#, ref. #4L. Additionally, 
the Market Research Section of the Marketing Division of 
Northern Natural Gas Company has extensively measured 
I 
gas consumption of appliances and furnaces in several 
cities in the midwest lref. #5). 
A second approach includes an in-depth study not 
only of the energy use in individual homes, but also a 
coordinated sociological study of the people living in 
these houses. Newman and Day (ref. #6) conducted a 
nationwide study of some 1500 families in this manner. 
In a third approach the energy use statistics for 
an entire region or a city area, obtained from the 
utility companies, are examined relative to population 
statistics from the Census Bureau. From these data a 
"typical" home for the region is postulated. Following 
the definition of this home, computer routines to model 
the energy use in the home are written. The model can 
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be put to various uses. Hittman Associates has developed 
such a model (ref. #7, ref. #8, ref. #9) to study 
residential energy consumption. They have also used the 
model to evaluate innovations for saving energy (ref. 
#10) and to evaluate heating loads in older residential 
buildings (ref. #11). They repeated this analysis for 
multi-family dwellings (ref. #12, ref. #13). The MITRE 
Corporation used this approach to mode+ a New England 
home and then evaluated such options as solar heating, 
h~at pumps, and heat pumps in conjunction with fuel 
cells (ref. #14). The model home approach has also been 
adopted by the Oak Ridge National Laboratory (ref. #15) 
to evaluate potential savings in homes in various 
regions of the country. 
Another approach considers energy use on an overall 
state level, often by using Census Bureau data to 
describe the population, and examining how various 
sectors of the population use energy. Some general 
studies of this type have been carried out on Minnesota 
by the Minnesota Energy Agency (ref. #16, ref. #17, ref. 
#18, ref. #19) primarily considering the future energy 
needs of the state as a whole. The Minnesota 
Environmental Quality Council has also undertaken a 
fairly detailed study of energy use in the state and has 
gone so far as to postulate the energy consumed by 
appliance types within the residential sector, and also 
to suppose growth rates in appliance o~mership as shown 
by the Census Bureau data (ref.· # 20, p5. l . A goal of 
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these overview reports and studies has been to provide a 
foundation for policymaking within the state of 
Minnesota (ref. #22, ref. #23). 
This report outlines three new studies. Each is 
concerned with energy use in single family residences in 
the Minneapolis - St. Paul metropolitan area. In these 
studies energy use in the residences, obtained from the 
local utilities, ts compared to descriptions of the 
physical characteristics of the homes which are obtained 
from government records. 
The first study involves 225 homes in Ramsey 
County. The homes are chosen to be as similar as 
possible in size, age, and materials of construction. 
This pilot study explores the variations in energy use 
which occur in physically similar homes. Both electric 
and gas consumption are investigated. The second study 
involves only electric use in 1664 homes which have wide 
variations in physical characteristics~ In this 
investigation the major aim is to see if the large 
spreads evident in electric consumption can, at least 
partially, be attributed to some physical. 
characteristics of the homes. The final study involves 
all 65,000 homes within the Minneapolis city limits. In 
this study a correlation is sought between gas 
consumption and physical characteristics of the homes. 
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************************ 
* STUDY I * 
************************ 
A. INTRODUCTION: STUDY I 
The first study explores the variation in energy 
use in 224 homes which are physically similar. These 
homes are located north of St. Paul near White Bear Lake 
{see map Figure 1) and were built by the same 
contractor. Information obtained includes: gross floor 
.area of the homes; type of service (electric, electric 
cooking, gas, gas cooking); the hornes's construction 
(frame or brick); roof material (asphalt, asbestos, 
cedar shingles); exterior building material (brick 
presses, brick corn., wood siding, or stucco); and 
heating type (forced air-gas, forced air-electric, 
central air conditioning, air conditioning, and 
fireplaces). Gas and electric use for the months between 
March 1974 and March 1975 are obtained from microfiche 
records. The distribution of energy use is examined as a 
function of floor size and heating type. 
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B. DATA ACQUISITION : STUDY I 
Data on the 209 houses are collected from the 
Ramsey County Tax Assessor's Office. These· assessor's 
files consisted of coded forms containing relevant 
information about the homes. A group of 225 homes is 
selected, all built by the same builder and in the same 
general geographical location. It was expected that 
this selection would serve to eliminate a host of 
variables associated with construction techniques and 
location. 
Information on the natural gas and electric energy 
use in the homes is obtained with the cooperation of the 
local utility. The homes in the study are selected for 
their similar physical characteristics, and are not in 
one billing area thus the dates of billing are spread 
over a month and primarily results covering the entire 
year's span are considered. 
Once the data are entered into the computer, 
various statistical analyses are performed. 
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C. RESULTS STUDY I 
Most of the homes have living areas of 
approximately 1050 square feet see Figure 2. The 
standard deviation is 215 square feet, which is small 
compared to the larger samples of homes examined in 
Study II and Study III (Figures 10 and 29 respectively). 
Note that many of these comparisons are shown in the 
table summarizing all three studies - Table 22. Also to 
be noted is the use of the terms "living area", "total 
living area", "gross floor area", and "ground floor 
area". The first three of these terms are used 
synonymously in this report to mean the finished living 
area of the ground and upper stories of the home (the 
basement is not included). Ground floor area is the 
area of the home at the ground floor level. 
The annual gas consumption is shown in Figure 3. 
The standard deviation in gas consumption is 26% of the 
mean use while the spread in floor area is somewhat 
smaller ('\,20%) . 
Figure 4 shows the annual consumption of 
electricity for the homes investigated. Quite evident is 
the large variation in electricity consumption; the 
standard deviation is 40% of the mean value. 
The curves on Figure 5 are taken from the previous 
histograms using a common unit lwatt-yr/energy use). 
Note that the direct electric energy used is 
considerably less than the gas energy used. Putting in 
a conversion efficiency for electric power production 
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(~30%) would bring these two figures much closer 
together. 
Figure 6 shows gas use per unit living area. The 
wide variation in consumption of gas is not explained by 
the variation in floor areas. Figure 7 shows a trend of 
declining gas use per unit area as the living area 
increases. 
Figure 8 shows the distributions for both gas and 
electricity use during the summer months. As expected, 
the average annual rate of gas consumed is less during 
the summer months than during the rest of the year. The 
average summer use is 1992 watts. vs; the annual average 
of 5748 watts.Also it should be noted that although most 
homes use very little gas during the summer there exist 
individuals who consume disproportionately' large 
amounts. Electric use remains approximately constant 
throughout the year. The average summer use is about 
equal to the average annual use the value being about 
960 watts. 
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D. CONCLUSIONS : STUDY I 
From the previous discussion several conclusions 
can be drawn. There is a large spread in the 
distributions of the use of different types. of energy 
(gas and electricity), which appears independent of.home 
size. Most interesting are the spreads in the natural 
gas characteristics, which exhibit a large tail for the 
larger users (Figure 6). It is not clear why there 
exists a large spread in gas consumption for a 
relatively small spread in floor area. These homes, 
basically similar in size, age and many other physical 
parameters show very large variations in energy use. 
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*********************** 
* STUDY II * 
*********************** 
A. INTRODUCTION : STUDY II 
In the second stu.dy the consumption of electricity 
in 1664 homes in Ward 4 of Minneapolis, (Figure 9) is 
considered. This differs from the initial pilot study in 
that the homes are not chosen to be similar in size, 
age, or construction materials; the assessors data is 
more detailed; only electric consumption is examined; 
and the sample size is large enough to be statistically 
significant to a major city. These data can indicate the 
effect of some of a home's physical characteristics on 
electrical energy use. 
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B. DATA ACQUISITION : STUDY II 
The methods of data acquisition are quite different 
from those used in the first study. To eliminate the 
tedium and the errors inherent in hand copying 
information from Assessor's record to paper to computer 
file, the data are obtained.from the City of Minneapolis 
Tax Assessor's Office which maintains its records on 
computerized files. The homes studied in Minneapolis are 
owner-occupied, non-commercial single-family dwellings. 
Approximately 2,000 homes are included in the original 
set of information taken from the city's Burrough's 
computer. 
In the city of Minneapolis natural gas and 
electricity are supplied by two different utilities. The 
relevant electrical use information for non-commercial 
residentiai users in the general area covered by the 
Assessor's data is obtained from the electric power 
company. Since the Minneapolis political divisions and 
the power company's billing areas do not coincide, it is 
necessary to recieve information on some 36,000 homes 
containing the 2,000 homes from the Assessor's sample. 
At the time of this study it was not possible to obtain 
gas consumption data for these homes. 
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C. DATA PROCESSING : STUDY II 
The computer punched cards from each data source 
are hand sorted, alphabetized, collated, and then cross 
sorted and matched to isolate the appropriate homes and 
their electrical use histories. Houses which had 
incomplete data or whose occupants had moved in or out 
during the period under consideration are excluded from 
the study. 
The sorted and matched punched cards are read into 
the BATCH facilities of the University Computer Center 
via card reader, and from there transferred· to the MIRJE 
timesharing subsystem on the University's CYBER 74 
computer. As in the first study, FORTRAN programs are 
written to sift the data and reformat it into a form 
compatible with the local statistical package. 
Statistical manipulations are carried out using the 
University's interactive statistical package (ISIS} and 
histograms and scattergrarns plotted out along with 
summary statistics and correlations. 
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D. RESULTS/ Descriptive Statistics STUDY II 
The second pilot study provides a general view of 
electrical energy use in a section of Minneapolis in 
which various construction and heating variables are 
present. It should prove useful in comparing the results 
of this report with future studies in cities with other 
housing types. 
Figure 10 shows the number of homes with different 
total living areas. The mean, (1,105 square ft.) is 
approximately the same as in pilot study I (1,054 square 
ft.). The standard deviation, however, is nearly twice 
that found in the earlier study. 
The number of homes with different ground floor 
areas are shown in figure 11. Figure 12 shows the 
distribution of heating types. Gravity and forced air 
systems are prevalent in this area of Minneapolis, 
appearing in 84% of the homes. Figure 13 shows that 
stucco (43%) and wood (35%) are the main exterior wall 
materials in the sample. 
Figures 14-18 show the distributions of various 
physical parameters existing in the sample. Most of the 
homes, (75%}, have less than l 1/2 stories , no 
fireplaces (87%), full basements l83%), and unfinished 
basements (80%·). 
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Consumption Statistics : STUDY II 
The electric energy consumption in the 1664 homes 
involved in this second pilot study is shown in Figure 
19. The average electrical energy use for this group of 
homes is lower than that of the study I-St. Paul homes 
(5367 vs 8295 KWHRl. In addition even though the 
Minneapolis homes 
the St. Paul ones, 
standard deviation 
vary more in area in comparison to 
the St. Paul homes .have a larger 
in electric use (though a smaller 
fraction of the mean) than those in the present group. 
Figure 20 shows the distribution of electric 
consumption per square foot of gross living area. The 
curve is skewed toward the high energy use side. There 
are again homes which use a disproportionately large 
amount of electricity. 
The effect of floor area on electric power use is 
indicated in Figure 21. Energy use one standard 
· deviation above and below the average use are also 
shown. The data used in Figure 21 is also presented in 
tabular form as Table 1. The larger the home, in 
general, the more electric energy is consumed. Note 
however that the standard deviation is often greater 
than half the average electricity used. 
A measure of seasonal differences in electrlc use 
(Figure 22) shows the percent of homes with higher 
electric use in the winter than in the summer months. 
From this curve we observe that few people have large 
relative differences in their use of electricity over 
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the year. 
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Regression Analysis: STUDY II 
A multiple linear regression is performed with 
total annual electric consumption as the dependent 
variable. The qualities of the single family residences 
used as the independent variables in the regression 
analysis are: (1) total living area, (2) ground floor 
living area, (3) number of stories, (4} proportion of 
basement finished as a living area, (5) age of the 
dwelling, and (6) main mode of heating. Some of the 
variables are found to have little influence on the 
electric consumption; these are ground floor living 
area, finished basements, and mode of heating (with the 
exception of electrically heated homes}. Total living 
area could by itself account for slightly more than 12% 
of the total variation in electric energy use. The 
addition of the other parameters improved the value by 
only 4%. Hence, as expected, there is a need to 
determine supplemental variables in order to improve the 
predictive ability of the regression equation. 
The regression equation and pertinent variable 
definitions follow: 
Dependent Variable: 
use 
Total annual electric energy 
in KWHR units. 
Denoted as yO and zO. 
Independent variables: Total living area in square 
feet. 
Denoted as xl and zl. 
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Age of dwelling in years (as of 
1976) 
Denoted as x2 and z2. 
Nwnber of stories. 
Denoted as x3 and z3. 
Electric heat (0 or 1) 
Denoted as x4 and z4. 
Unstandardized regression equation: 
yO = 2763 + 2.26(xl) 
14251.9(x4) 
34.L(x2) + 1186.7(x3) + 
Standardized Regression Equation: 
zO = 0.295(zl) 0.200(z2) + 0.108(z3) + 
0.119(z4) 
Using the unstandardized regression equation, any 
given values for the parameters in the equation can be 
inserted, and a predicted value for energy use is then 
found. Using the standardized regression equation, the 
relative importance of each of the parameters can be 
determined by comparing the magnitudes of the 
coefficients. 
As previously mentioned, total living area can 
account for only about 12% of the variation in electric 
energy use, while the joint linear influence of it and 
the other variables brings this total to only 16.5%. It 
should also be noted that only 1 home in the sample had 
electric heat. 
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E. CONCLUSIONS : STUDY II 
The spread in use of electricity is large; the 
standard deviation being 54% of the mean value. Thus 
the bounds including 66.7% of the population are about 
.50 to 1.50 times the mean consumption. This means, if 
we assume a "normal" distribution more than 15% of the 
population use less than .5 times the mean value and 
more than 15% of the population use greater than 1.5 
times the mean value. These two different groups of the 
population therefore 
of more than 3. In 
differ in consumption by a factor 
the rest of this report this 
criterion will be used to define the "spread" in energy 
use. 
The parameters which are considered in this study 
can account for only 12% of this very large spread in 
electric use. The rest of the variation in consumption 
must be due to some combination of the following 
variables: 
1) Measurable parameters: parameters which could 
be evaluated but are not available in this study. 
Examples may. be wall area, window area, insulation, 
appliances. 
2) Unmeasurable parameters: parameters which are 
difficult to measure quantitatively such as lifestyle. 
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********************************* 
* STUDY III * 
********************************* 
A. INTRODUCTION: STUDY III 
In the third study natural gas use patterns for the 
entire city of Minneapolis are described. The objective 
is to measure the relative importance of the factors 
influencing residential gas consumption. Electrical use 
is not included here primarily due to the difficulty in 
merging the data from the different sources. 
Empirical relationships within the data are sought 
using a sample large enough (65,539 homes) to have 
meaning not just as a statistical approximation but as a 
description of the behavior of much of the population of 
a major city. The data collected are for single-family, 
owner-occupied residences in the city of Minneapolis. 
Data is for the period October 1975 to October 1976. All 
the data are concrete and specific to each home. Energy 
use data comes from actual meter readings. Physical 
information comes from direct observations by the tax 
assessor's staff. From the data it is possible to 
perform a statistical regression analysis to provide an 
empirical correlation for the natural gas consumption as 
a function of the parameters on file. 
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B. DATA ACQUISITION : STUDY III 
Data used in the study are obtained with the 
cooperation and assistance of the Minneapolis Assessor's 
Office and the local utilities. From the Assessor's 
records comes information about the physical parameters 
of the homes: the size, the heating type and fuel, the 
bQilding materials used in the construction of the home, 
the age of the dwelling, information on fireplaces, 
basements, etc. The utilities provide energy use 
histories on an individual basis for a 13 month period, 
as well as information about the meter reading dates and 
estimation routines used when meter readings are not 
obtained. Tables (Tables 2-3) list the information 
presently on file from each of the two sources. Table 4 
shows the data from the primary information tapes which 
have actually been used to perform statistical 
breakdowns and correlations. 
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C. DATA PROCESSING STUDY III 
A key problem in the data manipulation is to set 
the disaggregate data sources into a mutually cornpatable 
format. Then the data tapes can be merged to match use 
with house characteristics. After converting each tape 
to 6-bit Display Code the data are analyzed on each 
individual source tape. 
The process of merging the tapes involves three 
steps. First, the converted tapes are reduced in size as 
much as possible by editing out extraneous users and 
extraneous information. Uniform street codes are then 
assigned on each tape using the street coding system of 
the assessor's office. The tapes are sorted by 
street-code and house number, then a pair of tapes is 
scanned simultaneously, removing the matching records 
and placing them on a third, merged tape. Figure 24 
shows the data manipulation process from initial data 
acquisition to the final merging of the tapes. 
Upon merging the tapes a statistical package (SPSS) 
available at the University is used to calculate 
quantities of interest. Most of the statistics desired 
could be easily programmed in SPSS. All of the 
statistical correlations and descriptive statistics are 
done using the batch processor of the Cyber 74 CDC 
computer. An example of a statistics run is included in 
Appendix B. 
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D. RESULTS/ Descriptive Statistics : STUDY III 
The city assessor provided inf0r~ation regarding 
physical parameters of the homes investigated. 
These are: 1.) main exterior material -- stucco, 
brick, stone, wood siding, metal siding, concrete 
blocks, or "other" (a miscellaneous catchall category), 
2.) main heating mode forced air, hot water, 
gravity, 
pipeless, 
steam, electric, unit heaters, stove or 
3.) age, 4.) number of stories, 5.) ground 
floor area 6. } gross area, and 7.) number of 
fireplaces. In addition the assessed value of each home 
is available. 
The numbers of homes with different exterior 
materials are shown in Figure 25. Stucco is the main 
material for 47.7% of the homes, and wood siding 
accounts for an additional 27.9%. Together these 
represent three-fourths of the single family homes on 
the Assessor's records. The m~jority of the remaining 
homes have either metal siding or "other" material, 
while a relatively small number of homes have brick, 
stone, or concrete block as ·their primary exterior 
material. 
The main modes of heating in Minneapolis homes are 
shown in Figure 26. The primary heating methods, in 
order of the number of homes in which they are present, 
are forced air, gravity, and hot water, with less than 
4% of· the homes having other heating systems. 
The different modes of heating are distributed 
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among the various categories of exterior material as 
indicated in Figure 27. Some general observations can be 
made. Approximately equal numbers of stucco homes have 
gravity, hot water, or forced air heating, with less 
than 2% having other heating systems. In contrast, the 
heating method in more than half of all brick, stone, 
and concrete block homes is forced air. Table 5 presents 
a summary table of these results. The upper right 
section of each cell gives the percentage of all homes 
with a given mode of heating found in the various 
exterior material groups. The lower left section gives 
the percentages of all homes of a given material found 
in the various heating mode groups. The percentages of 
the total population in each category are listed below 
the category titles. 
Tables 6 and 7 give the ~verage ages and total 
areas respectively for the different heating methods and 
exterior materials. Pipeless, unit heaters, .and stove 
heated homes have the greatest average age, and these 
homes are relatively small in size. On the average 
forced air heated homes are relatively new and homes 
' with hot water or steam heat are relatively large. Brick 
and stone homes, on the average, are relatively new, and 
they also have the largest average areas. As they 
represented only 2.5% of all homes, one might conclude a 
relationship between the size, and exterior material 
used in recent constructions. 
As shown on Table 8 almost 75% of .all homes in the 
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study were built by 1940, with the greatest period of 
building being in the 1920's (28.5% of present homes.) 
Since 1950 there has been a constant decline in the rate 
of building. 
Figure 28 shows how the averag~ ground floor area 
and average total area have changed with time of 
construction. Although the average ground floor area 
tends to be larger in newer homes, the average total 
area does not show such a trend but instead oscillates 
around the mean value of 1162 sq. ft. The difference 
between the two is due to the area on levels other than 
the ground floor. 
Table 9 illustrates the association between the 
number of fireplaces and the average area and age of the 
homes. Only about a third of the homes have one or more 
fireplaces. 
Table 10 shows the number of stories in Minneapolis 
homes (fractions are taken to mean the proportion of 
ground floor area on the second level). The homes with 1 
1/2 to 2 stories are generally older thereby accounting 
for the smaller average ground area to average total 
area ratio. Figure 28 shows a stonger correlation 
between average ground and total area. 
Table 11 and Figure 29 show the distribution of 
homes in different intervals of total living area. 
Although over 90% of the homes are less than 1750 sq. 
ft., the distribution stretches to a maximum of 10928 
sq. ft. 
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The assessed value of the homes as of 1976 is given 
in Figure 30. With an average value of $25867, the 
distribution stretches out to a maximum value of 
$252,000. Almost 3/4 of the homes were assessed at 
$30,000 or less; the greatest frequency of homes (31.7%) 
is in the $20,000 - $26,000 range. 
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Correlations STUDY III 
Upon merging the gas consumption data with the 
assessor's data it is possible to determine how some 
house characteristics affect gas use. Some 56,068 
residences could be matched from the two tapes. These 
are all owner-occupied single family residences. In the 
summary table, (_Table 22}, values of means and standard 
deviations for many important variables are given for 
the unmerged assessor's data, 65539 homes, and the 
merged data, 56,068 homes. It can be seen that only 
slight differences exist between these two sets of 
statistics. 
Figure 31 shows the total annual gas consumption 
distribution for the homes. In most of the homes from 
50 to 300 thousand cubic feet of gas is used annually. 
Figure 32 shows the 
annual gas consumption 
standard deviation for 
relationship between average 
and gross floor area. The 
this curve increases at high 
floor areas because the number of cases being sampled 
becomes small (cf. figure 291. A family of gas use 
curves for various floor area groups is shown in Figure 
33. Figure 34 shows the use per square foot plotted 
against gross floor area. This, as expected, starts 
high then levels off to a constant value at large gross 
floor areas. It should be noted that many of the figures 
refered to in this section (Figures 32-46t are presented 
in tabular form in·Tables 12-17. 
Figure 35 shows the variation in energy use in 
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homes of different age groups. The variation seems to be 
fairly random until comparing it to the variation of 
size of home with age (Figure 28). Some of the variation 
in use among homes of different ages can be explained by 
the variation in size of these homes. To take the 
variation in size into account the variation in gas use 
per square foot area is examined rather than consumption 
alone. Figure 36 shows this variation for homes in 
different age groups. Older homes do use somewhat more 
energy per square foot of floor area than newer homes, a 
significant if not entirely unexpected finding. 
The next ten graphs (Figure 37-46) show total gas 
use a·nd gas use per square foot of living area plotted 
against various independent variables. The variables 
investigated here are heating type, construction 
material and home 
appears to play 
consumption. 
value. Of 
a significant 
these parameters none 
role in affecting gas 
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Regression Analysis STUDY III 
With the gas consumption data merged with the 
assessor's information on the physical attributes of·the 
homes a multiple regression analysis can be performed on 
a subgroup of homes. Homes which used gas for heating 
purposes only are examined in the regression analysis. 
This is done since this type of service should exhibit 
the closest relationship of gas use to the physical 
characteristics of the homes. 
Although 1,184 'heating only' custom~rs are found 
in the merged data set, three homes are omitted from the 
analysis. One had the ground floor area listed as 
greater than the total area on the assessor's records, 
the second has a gas-heated swimming pool, and the third 
has an annual consumption of 1,118,900 cubic feet of 
natural gas, a value about three times as much as any 
other single home. 
The variables used in the regression analysis are 
total annual gas consumption lused as the response or 
dependent variable} and physical home description 
variables from the assessor (used as the independent 
variables). Some additional variables are created from 
those already available: (1} BAREA basement area 
area of basement in square feet (instead of as fraction 
of ground floor area as given by assessor). (2) FINB -
finished basement area - area of basement finished as 
living area, in square feet. 
gross area - basement area added to 
(3) MODGRO - modified 
gross area. ( 4) 
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MODFIN -modified finished area area of finished 
basement added to gross area. (5) UPAREA - upper floor 
area - area of second floor, if any, in square feet. 
Examining the correlations of the independent 
variables with the response variable gives an indication 
of which variables could be useful in model formation. 
However, one could be misled if only this criterion 
were used. Problems arise if the independent variables 
are highly or even moderately interrelated; . then the 
estimates of the regression coefficients would vary from 
sample to sample of independent variables, and the 
relative importance of these coefficients cannot be 
ascertained. Therefore, the usual practice has been to 
use only one of the interrelated variables in the 
regression. 
Table 19 shows the correlation matrix for the 
variables of interest. For example, note the fairly high 
correlation (R=.6081 between gross area and number of 
stories. Therefore it appears that only one of these 
should be in the regression equation. 
The two "best" models for the correlation are 
presented in Tables 20 and 21, along with their relevant 
analytical tables. The other variables are found to be 
insignificant in improving a fit to the data. The 
relative importance of the independent variables can be 
judged by comparing the magnitude of the coefficients in 
the standardized equation, while the predicted values 
are obtained from the unstandardized equation. 
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The results of Model I indicate that the most 
important variable in terms of sensitivity to a change 
in the variable is upper floor area, followed by ground 
floor area. The age of the home, presence of a gas air 
conditioner, and whether the home has stucco as its main 
exterior material are about equal in their relative 
contribution to gas consumption. Together, however, 
these predictors yield an R squared of .404, indicating 
that only about 40% of the variation in gas consumption 
can be accounted for by a linear relationship with the 
indicated variables. The 95% confidence intervals for 
these coefficients are also provided. 
Model II and its relevant tables are presented in 
Table 21. Here, gross area is used in place- of ground 
floor area and upper floor area, yielding an R squared 
of .403, just slightly less than that of Model I. From 
the standardized regression equation it is clear that 
the size of the home far outweighs the other variables 
in relative importance. It is of interest to note that 
the 95% remaining coefficients in the unstandardized 
equation are in fairly close agreement with those of 
Model I, all being contained in the 95% confidence 
intervals. 
The choice of which of the two correlations to use 
is somewhat arbitrary as each Y.i:elds almost identical 
results, differing only in home size representations. 
Model I permits a more detailed look at the homes, in 
that it has the ability to discriminate among homes of 
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differing floor area as well as indicate the greater 
effect of upper floor area on gas consumption as opposed 
to ground floor area. In addition the s~aller residual 
mean square (as given in the analysis of variance table) 
indicates somewhat better precision than Model II. The 
standard errors of the estimated regression coefficients 
are smaller for Model I, again indicating greater 
precision in the estimation of these parameters. The 
second model might be preferred since, while it contains 
fewer terrns .i>t yields a comparable value of R squared, 
in general, a desirable property if one wishes to obtain 
a good estimate of energy use while acquiring a minimum 
of information. 
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E. CONCLUSIONS : STUDY III 
Some general trends occur in this study of gas 
consumption. One expected result is the close 
relationship between gas use and floor area. A line fit 
to the curve in Figure 32 in the region from 250-3000 
square feet of gross floor area gives: 
use= C area* 85.55} + 72,130 
Where "use" represents the average total annual gas 
consumption in cubic feet, and "area" is the net living 
area on the ground level plus the living area on the 
upper floors measured in square feet. The standard 
deviation in consumption over the same range of gross 
floor area is given approximately by: 
std.dev. = (area* 11.61) + 41560 
Where "std.dev." is the standard deviation in total 
annual gas consumption in cubic feet. This line is not 
as good a fit as the one for the mean use which has 
deviations of only about 3%. 
A surprising result is the large spread (defined as 
the ratio of use at the mean plus one standard deviation 
to use at the mean minus one standard deviation} in gas 
consumption and gas consumption per unit area 
distributions. In Study I spreads_ of 1.69 to 1 and 1.67 
to 1 respectively are found in these distributions, (cf. 
Table 22). In Study III spreads of 2.11 to 1 and 2.34 
to 1 are found. This implies that in about 16% of the 
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homes the gas use is less than half the use in another 
16% of the homes. 
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V. CONCLUSIONS 
1.} There is a large spread characteristic of 
residential energy use for homes of like physical 
characteristics. 
2.1 Some 40% of the variation in gas use can be 
explained on the basis of the data at hand, mostly due 
to differences in gross floor area. 
3.1 The other 60% of the variation must be accounted 
for by a combination of the following: 
a.)_ Physical parameters which were not available 
for the homes in Study III such as insulation, 
infiltration, wall and window areas, etc. Note, however, 
that in Study I the homes are quite similar in physical 
characteristics and yet the spread in consumption per 
unit area is only slightly lower than Study III. 
b.L Non-physical parameters which are included 
under the general term "lifestyle". 
4.l Some l2% of the variation in electricity use can be 
explained on the basis of the data available to us, 
again most of the explainable variation is due to gross 
floor area differences. 
5.l Although the coefficients on these regression 
equations are probably not applicable to other 
geographic areas similar results on energy spread are 
likely to be present in other cities. 
6.l There exists a small percentage of the population 
which consumes amounts of energy, far out of proportion 
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to its numbers. Thus it might be possible to reduce 
significantly the total amount of energy used in 
residential dwellings by specifically directing programs 
toward this group. 
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APPENDIX A: SAMPLE PROGRAMS 
A. TAPE CONVERSION PROGRAM 
This program is written in COBOL since it is the 
easiest language to use to do the task at hand. The 
program converts records of mixed 4 and 8 bit bytes to 
the ascii 6 bit bytes which are common to CDC computers. 
This program was used to convert all the gas usage 
information which was recieved in the third study. 
A typical "dayfile" listing tells what was done in the 
run: 
00.00.29.COBOL,T5000,CM120000,DELAY. 
00.00.29.ACCOUNT,FQM6192,. 
00. 00. 3 2. RESOURC (NT=l ,MT=l) 
00.00.33.GET,MARK2. 
00.00.34.LABEL(TAPEl,VSN=SN6496,ID=*---*,LB=KU,D= 
00.00.34.PE,F=L,PO=R,CV=EB,N+l 
0l.ll.54.NT61, ASSIGNED TO TAPEl , VSN=SN6496. 
0l.ll.55.LABELlTAPE2,VSN=SN2644,D=HY,PO=W,FI=MGSC 
01.11.55.ODATAl} 
0l.12.26.MT51, ASSIGNED TO TAPE2 , VSN=SN2644. 
01.12.29.GET,CONTINU. 
0l.12.29.COBOL,I=MARK2,LX=CBLOUT. 
01.12.34.COMPILING EBCDIC-
01.12.38. 000 E AND 005 T/U DIAGNOSTICS ISSUED 
01.12.38. 056300B SCM USED 
01.12.39. 1.553 CP SECONDS COMPILATION TIME 
01.12.39.END COBOL 
0l.12.39.FILElTAPEl,BT=K,RT=U,RB=l,MBL=ll840,MRL= 
0l.12.39.11840,CM=NO,MNR=24,MNB=24} 
01.12. 3 9. FILE {TAPE2, BFS=l3 00) 
Ol.12.40.LDSET(FILES=TAPE1/TAPE2) 
01.12.40.LGO. 
02.02.51.REWIND,TAPE2. 
02. 02. 51.CATALOG (TAPE2, L=TAPCAT ,N, Rl 
02.05.18. CATALOG COMPLETE. 
02.05.18.RETAIN,TAPCAT. 
02.05.18. PERM FILE TAPCAT PRUS= 0001. 
02.05.18.GOTO,COST. 
02.05.18.COST. 
02.05.18. ACCUMULATED JOB COST - UNIVERSITY RATE. 
02.05.18. (LOW-RATE CHARGES APPLY} 
02.05.18. CP 2098.572 SEC. $ 209.85 
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02.05.18. MS 1.961 KPR. 
02.05.18. MT 5.351 KPR. 
02.05.18. CURRENT JOB COST= 
02.05.18.RETAIN,CBLOUT. 
02.05.19. PERM FILE CBLOUT 
02.05.19.REWIND,OUTPUT. 
02.05.19.COPY,OUTPUT,DISPLA. 
02.05.19. END OF INFORMATION 
02.05.19.RETAIN,DISPLA. 
02.05.20. PERM FILE DISPLA 
02. 05. 20 .GOTO, 1. 
02.05.20.1,DAYFILE,TAPDAY. 
$ .19 
$ 5.35 
$ 215.39 
PRUS= 0068. 
ENCOUNTERED. 
PRUS= 
The COBOL program is MARK2. 
portions of importance follows: 
IDENTIFICATION DIVISION. 
PROGRAM-ID. EBCDIC-~ILE-CONVERSION. 
ENVIRONMENT DIVISION. 
CONFIGURATION SECTION. 
SOURCE-COMPUTER. CYBER. 
OBJECT-COMPUTER. CYBER. 
INPUT-OUTPUT SECTION. 
FILE-CONTROL. 
SELECT INTAPE ASSIGN TO TAPEl. 
SELECT OUTAPE ASSIGN TO TAPE2. 
DATA DIVISION. 
FILE SECTJ:ON. 
FD INTAPE 
RECORDING MODE IS EBCDIC 
BLOCK CONTAINS 11840 CHARACTERS 
LABEL RECORDS ARE OMITTED 
0001. 
A listing of the 
DATA RECORD IS MASTER-CUSTOMER-RECORD. 
01 MASTER-CUSTOMER-RECORD. 
03 UNSCRAMBLED-INFO. 
Description of input tape's record. 
FD OUTAPE 
LABEL RECORDS ARE OMITTED 
DATA RECORD IS EDITED-CUSTOMER-RECORD. 
01 EDITED-CUSTOMER-RECORD. 
03 BLOCK-NO PICTURE 999999. 
03 RECORD-NO PICTURE 99. 
03 UNSCR-INFO PICTURE X (_5 92 l. 
WORKING-STORAGE SECTION. 
77 BLOCK-COUNT PICTURE 999999. 
77 RECORD-COUNT PICTURE 99 VALUE ZEROS. 
PROCEDURE DIVISION. 
START-UP. 
OPEN INPUT INTAPE. 
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OPEN OUTPUT OUTAPE. 
READ INTAPE AT END GO TO DO-DATA-MOVEMENT. 
DO-DATA-MOVEMENT. 
MOVE ZEROS TO BLOCK-COUNT. 
READ-NEXT-BLOCK. 
ADD 1 TO BLOCK-COUNT. 
MOVE ZEROS TO RECORD-COUNT. 
READ-A-RECORD. 
SD4. 
ADD 1 TO RECORD-COUNT. 
READ INTAPE AT END GO TO SD4. 
MOVE SPACES TO EDITED-CUSTOMER-RECORD. 
MOVE MASTER-CUSTOMER-RECORD TO UNSCR-INFO. 
MOVE BLOCK-COUNT TO BLOCK-NO. . 
MOVE RECORD-COUNT TO RECORD-NO. 
WRITE EDITED-CUSTOMER-RECORD. 
IF RECORD-COUNT NOT= 20 GO TO READ-A-RECORD. 
IF BLOCK-COUNT NOT= 900 GO TO READ-NEXT-BLOCK. 
DISPLAY ' BLOCKS COPIED TOTAL= ',BLOCK-COUNT. 
GO TO END-JOB. 
DISPLAY "END OF DATA REACHED". 
END-JOB. 
CLOSE INTAPE. 
CLOSE OUTAPE. 
STOP RUN.-
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B. SAMPLE STATISTICS RUN 
The Statistical Package for the Social Sciences 
(SPSS) was used for doing the statistical work in both 
the second and third studies. The sample program shown 
here was used on the electric energy data in the second 
study. 
The "dayfile" tells what happened during the run: 
00.00.0l.STATJOB,T250. 
00.00.02.ACCOUNT,FQM6192,. 
ob.00.02.GET,ALl0. 
00.00.02.ACQUIRE,TAPEl0. 
00.00.05.SPSSlI=ALl0,D=TAPEl0,L=STATOT,A=EXTRA,S= 
00.00.05.CMPLEDl. 
00.00.46.** FILE RETURNED** TAPEl0 
00.13.18.END SPSS 
00.13.18.RETAIN,CMPLED. 
00.13.23. CONVERTED TO DIRECT ACCESS - CMPLED 
00.13.23.DISPOSElSTATOT=PR/S=4Vl 
00.13.23. STATOT DISPOSED TO PR, B= 
00.13.23.RETAIN,EXTRA. 
,S=4V. 
00.13.24. EXTRA NOT FOUND. 
00.13.24.GOTO,l. 
00.13.24.1,COST. 
00.13.24. ACCUMULATED JOB COST 
00.13.24. CP 152.417 SEC. 
00.13.24. MS 3.243 KPR. 
00.13.24. CURRENT JOB COST= 
00.13.25.DAYFILE,DAY40. 
- UNIVERSITY 
$ 22.86 
$ • 32 
$ 23 .18 
RATE. 
The program name in this case is ALl0. 
listed below. 
It is 
FILE NAME 
VARIABLE LIST 
CMPLED 
YEARELE,USEPER,GROSS,GRND,STOR,ZMATT,FI-
RE 
INPUT FORMAT 
INPUT MEDIUM 
N OF CASES 
VAR LABELS 
FT./ 
HEAT,AGE,BSIZE,FINBAS/ 
llX, 5 O:' .1 0. 3 , 2X l , 6 lF 5 • 2 , 2X U 
TAPEl0 
1664 
YEARELE TOTAL YEARLY KWHR USAGE/ 
USEPER TOTAL YEARLY KWHR USAGE PER SQ. 
GROSS 
GRND 
NET LIVING AREA IN SQUARE FEET/ 
GROUND FLOOR AREA IN SQUARE 
FEET/ 
GRND/ 
FOR 
VALUE LABELS 
(3.) STEAM 
HEATERS 
FINISHED/ 
PEARSON CORR 
OPTIONS 
STATISTICS 
NONPAR CORR 
OPTIONS 
SAVE FILE 
FINISH 
STOR 
ZMATT 
FIRE 
HEAT 
AGE 
BSIZE 
FINBAS 
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NUMBER OF STORIES/ 
MAIN EXTERIOR WALL MATERIAL/ 
NUMBER OF FIREPLACES/ 
MAIN MODE OF HEATING/ 
AGE OF DWELLING AS OF 1976/ 
BASEMENT SIZE AS A FRACTION OF 
FRACTION OF BASEMENT FINISHED 
LIVING AREA/ 
ZMATT (1.)STONE (2.)BRICK (3.)STUCCO 
(4.)METAL SIDING (5.)WOOD SIDING 
(6.)CONCRETE BLOCKS (7.)OTHER/ 
HEAT (l.)GRAVITY (2.)FORCED AIR 
(. 4 . ) HOT WATER (5. )PIPELESS (6. )UNIT 
(?.)ELECTRIC (8.)STOVE/ 
BSIZE (l.)SLAB ONLY (2.)CRAWL-SPACE ONLY 
( 3. ) ONE FOURTH ( 4. ) ONE HALF 
(5.)THREE FOURTHS (6.)FULL BASEMENT/ 
FINBAS (l.)NO FINISHED AREA 
(2.)ONE FOURTH FINISHED 
(3.)ONE HALF FINISHED (4.)THREE FOURTHS 
YEARELE TO STOR,FIRE,AGE 
3 
1 
ZMATT,HEAT,BSIZE,FINBAS 
3,6 
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APPENDIX B. DEFINITION OF SOME STATISTICAL TERMS 
Regression terms: 
A linear regression equation of the following· form is 
called an unstandardized regression equation: 
Y' = A + B * Xi 
where Y' = the predicted or computed value of the 
dependent variable 
A = constant or Y-intercept for this.equation 
B = slope coefficient 
Xi = a given value for the independent variable 
The same equation can be expressed in a standardized 
regression equation which has the form: 
Z = C + D * Zi 
The two equations are similar term for term except for 
the notation and the use of standard scores (z-scores). 
The formula for z-scores is as follows: 
Zi = (Xi - X}/s 
wheres is the standard deviation 
This is the difference between a score and the mean of 
its distribution expressed in terms of the number of 
standard deviations it is from the mean. Since the mean 
of a distribution of z-scores is zero, and since the 
regression equation can be simplified to: 
Z = D * Zi 
it is possible to compare the relative importance of 
each independent variable in determining the value of 
the dependent variable. Of course, the .above equations 
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can be expanded to accommodate any number of independent 
variables simply by the addition of corresponding terms. 
When more than one ihdependent variable is used in a 
regression eqµation, it is called a multiple regression 
equation. 
Correlation terms: 
The letter "r" is used for the Pearson Product-Moment 
Correlation Coefficient or more simply just the 
Correlation Coefficient. It takes on values which can 
vary from -1 to +l indicating the direction and strength 
of an association between two variables. The square of 
the correlation coefficient "r~' is called the 
Coefficient of Determination, and it expresses the 
proportional reduction in error in predicting values for 
the dependent variable,given the best fitting linear 
regression equation rather than the overall mean to use 
in prediction. For example, if r 2has a value of .40 
then forty percent of the variation in the dependent 
variable can be explained by a linear relationship with 
the dependent variable. There are extensions of these 
measures when more than one independent variable is 
entered into the regression equation, "R" which is 
called the Multiple Correlation Coefficient, and "R 41 
which is called the Coefficient of Multiple 
Determination. 
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GAS CONSUMPTION RELATED TO HOME VALUE 
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GAS USE PEA UNIT LIVING RAER RELATED TO HOME VALUE 
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GAS USE RELATED TO LIVING AREA FOR VARIOUS EXTERIOR MATERIALS 
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TABLE 1 
YEARLY ELECTRIC USE RELATED TO LIVING AREA 
Gross Eloor Area Yearly Electric Consumption (KWHR' s) 
(square ft.) Mean Std. Dev. 
0 - 600 3220 2068 
600 - 700 4303 2850 
700 800 4454 2351 
800 - 900 4826 2480 
900 - 1000 4625 2165 
1000 - 1100 5575 2756 
1100 - 1200 5412 2634 
1200 - 1300 6092 4314 
1300 - 1400 5748 2551 
1400 - 1500 5962 2624 
1500 - 1600 6608 2898 
1600 and Above 7518 3233 
MEAN VALUES 5367 2938 
Table 2 
DATA AVAILABLE FROM TAX ASSESSOR'S TAPE 
1. Npls. Plat and Parcel property identifiers. 
2. House Number. 
3. Street Name. 
4. Mpls. Street Code Number. 
5. Stories in Dwelling. 
6. Ground-Floor Area. 
7. Gross Building Area. 
8. Number of Fireplaces. 
9. Number of Car Stalls per Garage. 
10. Type of Exterior walls. 
(1) stone 
(2) brick 
(3) stucco 
( 4) metal siding 
etc. 
11. Main Heating Mode. 
(1) gravity 
(_2) forced air 
(_3) steam 
(_4) hot water 
etc. 
12. Age of Home. 
13. Assessed Home Value. 
14. Homestead. 
Table 3 
DATA AVAILABLE FROM LOCAL' "GAS·UTILITY 
1. House Number. 
2. Street Name. 
3. Account-Status 
(1) normal 
(2) vacant 
(.3) non-service 
4 . Turn-on-date 
5. Renter occupied. 
6. Pool. 
7. Air-Conditioner size. 
8 . Net Monthly Bill. 
9 . Monthly Usage. 
10. Use-code. 
(1) estimated use 
(2) exact 
11. Dates of reading. 
12. Rate. 
(1) 1''1P 1 s - r a t e 
(_2) suburban rate 
(3) propane rate 
13. Type of Service 
(1) domestic heat 
(2) industrial 
(3) commercial 
(_4) industrial heat 
etc. 
14. Actual Neter reading. 
TABLE 4 
DATA TO BE USED IN STATISTICAL ANALYSIS FROM 
LOCAL UTILITY 
I.Monthly Usage. 
2. Type of Service. 
(1) Domestic 
(2) Industrial 
(3) Commercial 
(4) Domestic heating 
(5) Commercial heating 
etc. 
3. Dates of Readings. 
4. Renter occupied. 
S. Pool. 
6. Air-conditioner size. 
DATA TO BE USED IN STATISTICAL ANALYSIS FROM 
TA.X ASSESSOR'S DATA 
1. Number of Stories. 
2. Ground Floor Area. 
3. Gross Building Area. 
4. Number of Fireplaces. 
5. Main Mode of Heating. 
6. Exterior Wall Material. 
7. Age. 
8. Assessed Value. 
9. Homestead. 
EXTERIOR MAIN MATERIAL AND MODE OF HEATING SUMMARY TABLE 
Table 5 
Exterior Main Material 
STUCCO WOOD OTHER METAL BRICK STONE CONCRETE 
SIDING SIDING BLOCKS 
Percent 47.7% 27.9% 12.3% 9.5% 2.4% l-0.2%---f 
Down 
FORCED :ro o. o 
AIR 
36.8% 
GRAVITY 100.0 
34.9% 
HOT 100.0 
WATER 
24.5% 
00 
i::: 
'""i 
-1,.l STOVE 100.0 ta 
Q.) 
.... 
..... 
1. 7% ti., 
0 
Q.) 100.0 
'ti PIPELESS Q 
<, 
i::: 1.3% 
'"i 
~ UNIT 100.0 
-=;, 
HEATERS 
0.5% _, 
STEAM 100.0 
-0.2% 
' 
ELECTRIC ~ 100.0 ' 0.1% - - - '\ 0 
'\ ~ 
100.0 100.0 100.0 100.0 100.0 100.0 100.0 
:i 
Table 6 
AGE AND AREA RELATED TO HEATING MODE 
MODE OF HEATING 
Forced Air 
Electric 
Gravity 
Hot Water 
Steam 
Pipeless 
Unit Heaters 
Stove 
AVG. AGE 
39 
49 
52 
57 
58 
65 
66 
AVG. AREA(SQ. FT.) 
1154 
1159 
1023 
1402 
1734 
887 
887 
FREQUENCY PERCENT 
24111 36.8 
35 0 .1 
22885 34.9 
16081 24.5 
127 0.2 
831 1. 3 
359 0.5 
71 963 1110 1.7 
TOTAL- - 49- - - - - - - 1162- - - - - - 65539 - - Too.a 
Table 7 
AGE AND AREA RELATED TO EXTERIOR MATERIAL 
MAIN MATERIAL AVG. AGE AVG. AREA(SQ. FT.) FREQUENCY PERCENT 
Stone 39 1883 89 0.1 
Brick 39 1569 1602 2.4 
Wood Siding 42 1113 18282 27.9 
Concrete Blocks 44 1264 34 0.1 
Metal Siding 47 1076 6205 9.5 
Stucco 50 1208 31260 47.7 
Other 62 1071 8066 12.3 
TOTAL- - 49- - - - - - -1162 - - - - - - 05538 - - Too.a 
AVG. AGE is the average age of the homes in 1976. 
AGE DISTRIBUTION OF SINGLE FAMILY RESIDENCES 
Table 8 
AGE DATES AVG. GROUND AVG. TOTAL FREQUENCY PERCENT CUM. 
IN YEARS AREA (SQ.FT.) AREA (SQ. FT.) PERCENT 
More than 70_, Pre-1906 782 1218 6560 10.0 10.0 
66 to 70 1906-1910 . 745 1184 5049 7.7 17.7 
61 to 65 1911-1915 778 1168 6473 9.9 27.6 
56 to 60 1916-1920 839 1161 6341 9.7 37.3 
51 to 55 1921-1925 849 1.102 11688 17.8 55.1 
46 to so 1926-1930 895 1177 6987 10 .7 65.8 
41 to 45 1931-1935 976 .1339 ·2095 3.2 69.0 
36 to 40 1936-1940 936 1.27 5 3622 5. 5 74.5 
31 to 35 1941-1945 895 .1128 2238 3.4 77.9 I 
26 to 30 1946-1950 898 .1098 6332 9.7 87.6 I I 
21 to 25 1951-1955 964 1102 5189 7.9 95.5 I 
I 16 to 20 1956-1960 1073 1174 1846 2.8 98.3 
11 to 15 1961-1965 1117 1248 619 0.9 99.2 I I 
6 to 10 1966-1970 1103 1199 313 0. 5 99.7 I ! 
New to 5 1971-1976 1083 1252 187 0.3 100.0 I I I 
! 
Data from Minneapolis City Assessor: 65,539 cases 
Average Age: 49 years 
Average Ground Area: 866 sq. ft. 
Average Total Area: 1162 sq. ft. 
Table 9 
AGE AND AREA RELATED TO NUMBER OF FIREPLACES 
NUMBER OF AVG. TOTAL AREA AVG. GROUND AREA 
FIREPLACES FREQUENCY PERCENT . AVG. AGE. (SQ.· FT.) (SQ. FT.) 
0 43791 66.8 52 1056 802 
1 17298 26.4 46 1339 958 
2 4341 6.6 30 1493 1133 
3 96 T 35 2542 1646 4 12 41 2504 1463 
0. 2 
5 0 l 6 1 40 2547 1394 
TOTALS: 65539 100.0 49 lJ.62 866 
Table 10. 
AGE AND AREA RELATED TO NUMBER OF STORIES 
NUMBER OF AVG. TOTAL AREA AVG. GROUND AREA 
STORIES FREQUENCY PERCENT AVG. AGE CSQ. FT.). (_SQ. FT.) 
1 14696 22.4 40 909 905 
1 1/4 22758 34.7 44 1079 895 
1 1/2 12968 19.8 56 1241 837 
1 3/4 6·29 5 9.6 64 1302 757 
2 8822 13.5 57 1583 849 
TOTALS: 65539 100.0 49 1162 866 
AVG. AGE is the average age of the homes in 1976. 
TOTAL LIVING AREA DISTRIBUTION FOR SINGLE FAMILY RESIDENCES 
Table 11 
SQUARE FEET AVG. AGE. FREQUENCY PERCENT CUM. PERCENT 
0-250 59 11 0.0 0.0 
250-500 56 511 0.8 0.8 
500-750 5Ji 5529 8.4 9.2 
750-1000 48 17086 26.1 35.3 
1000-1250 47 20051 30.6 65.9 
1250-1500 51 12944 19.7 85.6 
1500-il 7 50 52 5650 8.6 94.2 
1750-2000 51 2172 3.3 97.5 
2000-2250 50 820 1.3 98.8 
2250-2500 so 350 0.5 99.3 
2500-2750 47 204 0.3 99.6 
2750-3000 48 86 0.1 99.7 
3000-3250 44 42 0.1 99.8 
-3250-3500 50 18 
3500-3750 43 19 
3750-4000 41 14 
4000-4250 41 10 
4250-4500 57 4 0.2 -10 0. 0 
4500-4750 43 4 
4750-5000 38 6 
5000-7250, 48 12 
-
TOTALS 49 - - - 65539 -
Average Area: 1162 sq. ft. 
Data taken from Minneapolis city assessor: 65,539 cases 
AVG.AGE is the average age of the homes in 1976. 
TABLE 12 
YEARLY GAS CONSUMPTION RELATED TO TOTAL LIVING AREA 
Gross Floor Area . Yearly Gas Usage Gas Use per Living Area 
(square feet) · (180 1 s of ft 3) (l00's ft 3;£t 2) 
Mean Std.dev. Mean Std.dev. 
0 - 250 1680 620 16.8 11. 8 
250 - 500 1043 553 2.35 1. 37 
500 - 750 1298 538 1. 95 .81 
750 - 1000 1509 522 1. 71 .59 
1000 1250 1680 509 1. 49 .45 
1250 - 1500 1890 584 1.38 . 4 2 
1500 - 1750 2078 490 1. 29 .30 
1750 - 2000 2281 517 1. 22 . 2 7 
2000 - 2250 2482 58 2 1.18 . 27 
2250 - 2500 2761 698 1.17 .29 
2500 - 2750 2960 762 1.13 .28 
2750 - 3000 3132 900 1.09 .30 
3000 - 3250 3509 771 1.12 .24 
3250 - 3500 3979 867 1.16 . 2 5 
3500 - 3750 4250 1374 1.17 .39 
3750 - 4000 4379 968 1.12 .23 
4000 - 4250 4242 963 1. 03 .22 
4250 - 4500 
4500 - 4750 5111 1059 1.11 .25 
4750 - 5000 6135 1056 1. 26 .22 
TABLE 13 
YEARLY GAS CONSUMPTION RELATED TO HEATING & EXT. i'.iATFRIAL 
Mode of Heating 
Gravity 
Forced Air 
Steam 
Hot Water 
Pipeless 
Unit Heaters 
Electric 
Stove 
Exterior Material 
Stone 
Brick 
Stucco 
Metal 
Wooci 
Cor.crete 
Other 
MEAN VALUES 
Yearly Gas Usage 
(l00's ft 3 ) 
Mean Std.dev 
1624 565 
1649 588 
2448 1010 
1983 571 
1485 1003 
1396 996 
1459 638 
1380 684 
2326 
1955 
1780 
1621 
1634 
1947 
1670 
1715 
1298 
726 
580 
571 
631 
597 
618 
609 
Gas consumption per 
Living Area (ft 3x100) 
ft 2 
Mean Std.Dev. 
1. 66 
1. 48 
1. 62 
1. 4 7 
1. 7 5 
1.68 
1. 32 
1. 56 
1.39 
1. 28 
1. 54 
1. 58 
1. 53 
1. 63 
1. 64 
1. 54 
.68 
.59 
.37 
.51 
.88 
.92 
• 2 9 
.78 
.36 
.41 
• 5 7 
.76 
.61 
.41 
.49 
• 6 2 
TABLE 14 
Totnl Annual Gas Connumpt1.on Related to Year of Construction 
Year of Yearly Gas Con1;ump t ion Use per Unit Living 
Construction (100s of ft 3 ) (100s of ft 3 /ft 2 ) 
Mean Std.Dev. Mean Std.Dev. 
Before 1950 1861 729 
· 1. 62 
.90 1906-1910 1817 5 l, t, 1.60 .51 1911-1915 1791 522 1. 60 
.45 1916-1920 1788 665 1.63 . 72 1921-1925 1686 580 1. 61 .65 1926-1930 17 ,, 9 598 1.57 .55 1931-1935 1876 501 1.48 
.37 1936-1940 1655 523 1.36 
.45 19lil-1945 1554 477 1.42 
.41 1946-1950 1577 730 1. 48 • 7 2 1951-1955 1540 537 1. 43 .55 1956-1960 1654 535 1.43 
.34 1961-1965 1619 575 1. 3 3_ 
.32 1966-1.970 1632 453 1.37 
.30 1971-1976 1551 518 1. 23 
.29 
Mean Values 1715 609 1. 54 
.62 
TABLE 14 
Totnl Annual Gas Conoumption Related to Y<.1ar of Construction 
Year of Yearly Gas Consumption Use per Unit Living 
Construction (l00s of ft 3 ) (l00s of ft 3 /ft 2 ) 
Mean Std.Dev. Mean Std.Dev. 
Before 1950 1861 729 
· 1. 62 
.90 1906-1910 1817 54!, 1.60 
.51 1911-1915 1791 522 1.60 
.45 1916-1920 1788 665 1.63 • 72 1921-1925 1686 580 1. 61 .65 1926-1930 l 7l, 9 598 1.57 
.55 1931-1935 1876 501 1.48 .37 1936-1940 1655 523 1.36 .45 1941-1945 1554 477 1.42 
.41 1946-1950 1577 730 1.48 • 72 1951-1955 1540 537 1.43 .55 1956-1960 1654 535 1.43 .34 1961-1965 1619 575 1. 3 3_ 
.32 1966-1970 1632 453 1.37 .30 1971-1976 1551 518 1.23 .29 
Mean Values 1715 609 1. 54 .62 
TABLE 15 
Total Yearly Gas Consumption Related to Home Value 
YEARLY GAS CONSUHPTION. USE PER LIVING AREA 
HOME VALUE (100s of ft 3 ) (100s of ft 3 /ft 2 ) 
Mean Std.Dev. Mean Std.Dev. 
2000-4000 1268 626 1.49 .94 
4000-6000 1494 601 1. 66 .72 
6000-8000 1365 534 1. 76 .77 
8000-10,000 1458 811 1. 83 .96 
10,000-12,000 1535 848 1.86 1. 70 
12,000-14,000 1594 563 1. 79 .66 
14,000-16,000 1638 627 1. 76 .57 
16,000-18,000 1666 630 1.73 .67 
18,000-20,000 1672 556 1. 70 .59 
20,000-22,000 1665 597 1. 64 .74 
22,000-24,000 1676 54 7 . 1. 59 .55 
24,000-26,000 1665 566 1. 53 .56 
26,000-28,000 1666 585 1.49 .57 
28,000-30,000 1679 525 1. 44 .46 
30,000-32,000 1702 566 1. ,. 2 .44 
32,000-34,000 1737 54 7 1. 37 . '• 3 
34,000-36,000 1793 587 1. 35 .44 
36,000-38,000 1852 566 1. 32 .39 
38,000-40,000 1901 691 1. 32 .51 
40,000-42,000 1984 496 1. 28 .28 
42,000-44,000 2017 507 1. 22 .32 
114 ,000-46 ,000 2133 563 1. 28 .34 
46,000-48,000 2147 531 1.22 .32 
!18 ,000-50 ,000 2199 568 1.19 .28 
ABOVE 50,000 2665 919 1. 22 • 3 7 
Mean Values 1715 609 1. 54 • 6 2 
TABLE 16-A 
Total Yearly Gas Consumption Related to Heating Mode 
(Gravity Heat and Forced Air Heat) 
G!."'O s s Floor Area Yearly Gas Usage Gas Use per Living Area 
(sc;uare feet) (100s of ft 3 ) (100s ft 3 /ft 2 ) 
(Gravity Heat) Mean Std.Dev. Mean Std.Dev. 
0-250 2093 188 15.79 1.95 
250-500 1130 759 2.54 1.92 
500-750 1331 565 2.00 .87 
750-1000 1534 543 1.75 .62 
1000-1250 1696 ·54 7 1.52 .49 
1250-1500 1870 389 1.38 .28 
1500-1750 2094 474 1.31 .29 
1750-2000 2180 543 1.17 .29 
2000-2250 2443 713 · 1.15 .33 
2250-2500 2762 710 1.18 .31 
2500-3000 3024 472 1.13 .17 
(Forced Air Heat) 
0-250 1434 825 16.16 15.44 
250-500 1044 268 ·2.36 .64 
500-750 1278 541 1. 89 .78 
750-1000 1457 455 1.64 .so 
1000-1250 1619 497 1.44 .43 
1250-1500 1827 688 1. 34 .49 
1500-1750 1971 485 1. 23 .30 
1750-2000 2168 513 1.17 .27 
2000-2250 2260 557 1.07 .26 
2250-2500 2559 637 1.08 . 2 7 
2500-2750 2709 711 1. 03 .27 
2750-3000 2717 754 .95 .26 
3000-3250 3120 838 1.00 .26 
3250-3500 3762 639 1.09 .18 
3500-3750 4589 2023 1.2 7 .58 
3750-4000 4096 797 1.05 .19 
4000-4250 3951 1113 . 9 7 .27 
4250-4500 5602 1. 23 
4500-4750 6973 734 1.44 .13 
... 
Gross 
TABLE 16 -B 
Total Yearly Gas Consumption Related to Heating Mode 
(Steam Heat and Hot Water Heat) 
Floor Area Yearly Gas Usage Gas Use per Living 
(square feet) (100s of ft 3 ) (100s ft 3./ft 2 ) 
Area 
(Steam Heat) Mean Std.Dev. ~lean Std.Dev. 
--
250-500 900 145 2.08 . 3 3 
500-750 1396 246 .1. 95 .26 
750-1000 1588 272 1.85 .32 
1000-1250 1949 452 1. 72 .41 
1250-1500 2235 .435 1.60 .27 
1500-1750 2617 634 1.59' .43 
1750-2000 2467 225 1. 30 .12 
2000-2250 2835 647 1.40 .33 
2250-2500 3399 844 1.43 .40 
2500-2750 4502 1102 1. 71 .41 
2750-3000 3857 782 1. 36 .28 
3000-3250 4644 215 1.48 
3250-3500 4554 1. 30 
3500-3750 3090 .86 
4000-4250 5540 1.33 
4500-4750 6366 1.40 
(Hot Water Heat) 
0-250 1628 36.17 
250-500 1122 179 2.46 .45 
500-750 1371 403 2.03 .60 
750-1000 1606 513 1. 78 .56 
1000-1250 1785 382 1. 5 7 .34 
1250-1500 1963 467 1.43 .34 
1500-1750 2132 483 1.32 .30 
1750-2000 2348 407 1.26 . 2 7 
2000-2250 2584 553 1.22 .26 
2250-2500 2828 699 1.19 .29 
2500-2750 3061 740 1.17 . 2 7 
2750-3000 3275 911 1.14 .30 
3000-3250 3641 609 1.16 .19 
3250-3500 3986 971 1.17 . 2 8 
3500-3750 4172 846 1.15 .22 
3750-4000 4615 1103 1.19 .26 
4000-4250 4003 829 .96 . 17 
4500-4750 4238 , 152 .90 .04 
4750-5000 5297 17 1.07 .02 
TABLE 16 -C 
Total Yearly Gas Consumption Related to Hea~ing Mode 
(Pipeless Heat, Unit Heaters, Electric Heat and Stove Heat) 
Gross Floor Area 
(square feet) 
(Pipeless Heat) 
250-500 
500-750 
750-1000 
1000-1250 
1250-1500 
1500-1750 
1750-2000 
(Unit Heaters) 
250-500 
500-750 
750-1000 
1000-1250 
1250-1500 
1500-1750 
1750-2000 
2000-2250 
(Electric Heat) 
250-500 
500-750 
750-1000 
1000-1250 
1250-1500 
(Stove Heat) 
0-250 
250-500 
500-750 
750-1000 
1000-1250 
1250-1500 
1500-1750 
1750-2000 
2000-2250 
2250-2500 
Yearly 
(100s 
Mean 
102·4 
1185 
1474 
1678 
2530 
2147 
2397 
930 
1068 
1400 
1865 
1656 
2344 
2031 
2819 
4 ~ ') :) _, 
640 
1213 
1678 
1929 
1060 
8 74 
1043 
1430 
1579 
1667 
1921 
2034 
2247 
3541 
Gas Usage Gas Use per Living Area 
of ft 3 ) (100s ft 3 /ft 2 ) 
Std.Dev. Mean Std.Dev. 
311 2.21 .63 
282 .1. 86 .44 
692 1. 70 .87 
341 1.51 .31 
3365 1.88 2.51 
550 1.34 . 35 
549 1.31 .30 
374 2.18 .95 
504 1. 73 .72 
422 1. 62 .48 
1832 1. 64 1.54 
376 1. 23 .27 
750 1.46 .45 
675 1.13 .39 
1.39 
1.02 
.94 
1.35 
372 1. 36 .28 
464 1.46 .32 
4.40 
293 2.02 . 6 7 
"' 3 3 8 1. 66 .53 
1036 1. 62 1. 26 
453. 1.42 .41 
463 1.23 .34 
442 1. 20 . 2 9 
279 1.09 .17 
420 1.04 .20 
1.42 
TABLE 17-A 
Total Yearly Gas Consumption Related to Exterior Material 
( Stone and Brick) 
Gross Floor Area Yearly Gas Usage Gas Use per Living Area 
(sq'.lare feet) (100s of ft 3 ) (100s ft 3 /£t 2 ) 
(Stone) Mean Std. Dev·; Mean Std.Dev. 
500-750 1066 1.51 
750-1000 1601 432 _l. 76 .47 
1000-1250 16 22 364 1.48 .35 
1250-1500 1776 187 1.30 .14 
1500-1750 2159 .731 1.32 .45 
1750-2000 2254 457 1.21 .28 
2000-2250 2881 506 1.34 .24 
2250-2500 2492 261 1.05 .12 
2500-2750 28 74 117 1.10 .08 
2750-3000 5302 1. 80 
3000-3250 3567 563 1.13 .12 
4500-4750 5984 540 1.31 .12 
4750-5000 6973 734 1.44 .13 
(Brick) 
500-750 1282 350 1.85 .49 
750-1000 1456 349 1. 61 .38 
1000-1250 1661 647 1.46 .57 
1250-1500 1741 413 1. 26 .29 
1500-1750 1957 476 1. 21 .29 
1750-2000 2103 512 1.12 . 2 7 
2000-2250 2305 609 1.09 .28 
2250-2500 2774 991 1.18 .43 
2500-2750 2848 705 1.08 .27 
2750-3000 3480 897 1.19 .28 
3000-3250 3167 962 1.01 .30 
3250-3500 3051 2 .89 
3500-3750 4396 2123 1. 22 .61 
3750-4000 4411 1241 1.14 .30 
4000-4250 5046 431 1.21 .10 
4500-4750 4131 .86 
+ A 
TABLE 17-B 
Total Yearly Gas Consumption Related to Exterior Material 
(Stucco and Metal) 
Gross Floor Area Yearly Gas Usage Gas Use per Living Area 
(square feet) (100s of ft 3 ) (100s ft 3 /ft 2 ) 
(Stucco) Mean Std.Dev·~ Mean Std.Dev. 
0-250 1500 444 18.79 13.00 
250-500 1098 335 2.40 .71 
500-750 1346 566 2.00 .88 
750-1000 1538 482 1.73 .54 
1000-1250 1707 ,469 1.52 .42 
1250-1500 1913 541 1.40 .38 
1500-1750 2099 474 1.30 .29 
1750-2000 2343 520 1.26 .27 
2000-2250 2556 525 1.21 .24 
2250-2500 2796 653 1.18 .27 
2500-2750 3054 775 1.17 .29 
2750-3000 3079 806 1.07 .27 
3000-3250 3555 542 1.14 .18 
3250-3500 4087 1036 1.20 .30 
3500-3750 4478 719 1.23 .18 
3750-4000 /412 9 871 1.06 .20 
4000-t, 2 50 3575 523 .87 .11 
4750-5000 4297 17 1.07 .02 
(Metal) 
0-250 2646 36.75 
250-500 1032 290 2.34 .73 
500-750 1286 553 1.91 .82 
750-1000 1483 531 1. 69 .62 
1000-1250 1660 550 1.48 .47 
1250-1500 1847 459 1.36 .32 
1500-1750 1996 455 1. 24 .28 
1750-2000 2291· 473 1. 23 .25 
2000-2250 2476 389 1.17 .18 
2250-2500 2521 852 1.08 .37 
2500-2750 2758 346 1.03 .14 
2750-3000 1416 .50 
3000-3250 2708 .89 
3250-2500 4287 1.24 
•• 
TABLE 17-D 
Total Yearly Gas Consumption Related to Exterior Material 
(Other) 
Gross Floor Area Yearly Gas Usage Gas Use per Living Area 
(square feet) (100s of ft 3 ) (100s ft 3 /ft 2 ) 
(Other) Mean Std.Dev·; Mean Std.Dev. 
0-250 183-5 676 13.02 7.51 
250-500 1086 925 4.49 2.35 
500-750 1279 468 · 1. 9 7 .73 
750-1000 1518 417 1. 72 . 4 5 
1000-1250 1744 .547 1.55 . 4 8 
1250-1500 1936 760 1. 43 .56 
1500-1750 2142 497 1.34 .31 
1750-2000 2155 471 1.16 .25 
2000-2250 2483 655 1.19 .31 
2250-2500 3000 534 1. 28 .23 
2500-2750 5612 2806 1.06 .32 
2750-3000 2251 . 7 9 
3000-3250 4797 1.48 
3250-3500 4331 315 1. 25 .07 
DESCRIPTION OF HOMES USING NATURAL GAS FOR HOME HEATING ONLY 
Table 18 
EXTERIOR II OF % GAS USAGE GROUND AREA 2ND FL. AREA TOTAL AREA AGE II AIR MATERIAL CASES (Cu. Ft.) (Sq. Ft.) · csq. Ft.) (Sq·. Ft.) Avg. I S.D. COND. 
Avg. I S.D. Av.g.. S .D •. . Avg. 1s.D ... . Avg. :s.D. . : 
I I I ! 
Stucco 643 54.4 171048144789. 929 197 338 1301 12661 368 51 I 9 4 
I I I I 
Wood I 1· I ' I 
Siding 285 24.1 155838:46244 855 199 387 1346 1241: 435 48 I 13 7 I I 
I I I I 
Other 102 8.6 146203,37147 758 165 261 1238 10191 281 61 I 12 ·o 
I . I I 
Metal I I I I 
Siding 92 7.8 152235148847 877 196 294 I I 351 50 I 14 5 1259 1171 I" I I 
I I I I I 
Brick 60 5.1 167287159215 1048 I 184 517 1'421 15661 469 39 I 7 4 
I I . I I I 
I 
163582 :46513 
I I I I 
TOTAL 1182 100.0 898 I 204 349 ·1316 12471 396 50 I 11 20 SAMPLE I I I I 
PIRE ------ Table 19 
AGE -.4828 CORRELATION ------
STOR .3185 .1119 ------
GRND .4383 -.3097 -.0771 ------
GROSS .5288 -.1210 .6076 .6088 ------
MODGRO .5672 -.2567 .4080 .7933 .9284 
MODFIN .6078 -.2344 .5135 .6300 .9244 
UPAREA .3791 .0484 .8104 .1168 .8590 
BAREA .4475 -.3928 -.0403 .8344 .5174 
.. 
TOTAL .2531 .0495 .4102 .3726 .5900 
FIRE AGE STOR GRND GROSS 
FIRE: Number of fireplaces 
AGE: Age of dwelling· in years (in 1976) 
STOR: Number of stories 
GRND: Ground-floor area (sq. ft.) 
------
.8936 
.6503 
.7973 
.5528 
MODGRO 
MATRIX 
------
.7506 
.5601 
.5347 
MODFIN 
GROSS: Combined first and second floor living area (sq. ft.) 
MODGRO: Modified gross area (sq. ft.) 
MODFIN: Modified finished area (sq. ft.) 
UPAREA: Second-floor living area (sq. ft.) 
BAREA: Basement area (sq. ft.) 
TOTAL: Total annual natural gas consumption (100's of cu. ft.) 
------
.1092 ------
.4982 .3170 - - - - -
UPAREA BAREA TOTAL 
Table 20 
MODEL I 
Unstandardized: TOTAL= 377.2435 + 0.6574(VPAREA) + 0.7475(GRND) 
+ 5.4788(AGE) + 135.8259(_STUCCO) + 535.9731(AIRCOW 
Standardized: TOTAL= 0.4466(UPAREA) + 0.3277(_GRND) + 0.1350(AGE) 
+ 0.1455(STUCCO) + 0.1487(AIRCON) 
VARIABLE COEFFICIENT STD. ERROR T-VALUE 
Constant 
Uparea 
Grnd 
Age 
Stucco 
Aircon 
SOURCE DF 
Regression 5 
Residual 1176 
Totals 1181 
377.2435 79.06883 . 4. 7 7 
0.6574 0.03367 19.52 
0:7475 0.05569 13.42 
5.4788 0.97286 5.63 
135.8259 21. 56437 6.30 
535.9731 82.15854 6.52 
ANALYSIS OF VARIANCE 
SUM OF SQUARES MEAN SQUARE 
103277198.53 20655439.70 
152225343.27 
255502541.80 
129433.32 
CONFIDENCE INTERVAL--95% 
222.1117 to 532.3752 
0.5914 to 0.7235 
0.6382 to 0.8567 
3.5701 to 7.3876 
93.5169 to 178.1348 
374.7795 to 697.1668 
F R2 
159.57 .40421 
Table 21 
MODEL II 
Unstandardized: TOTAL= 442.0491 + 0.68.39(_GROSS) + 5.0827(AGE) 
+ 141.1924 (.STUCCO). + 536. 7 216 (AIRCON) 
Standardized: TOTAL= 0.5816(GROSS) + 0.1252(AGE) + o.1513(STUCCO) 
+ 0.1489(AIRCON) 
VARIABLE COEFFICIENT STD. ERROR T-VALUE CONFIDENCE INTERVAL--95% 
Constant 442.0491 61.46397 7.19 321.4580 to 562.6403 
Gross 0.6839 0.02685 25.47 0.6312 to 0.7366 
Age 5.0827 0.92434 5.50 3.2691 to 6.8962 
Stucco 141.1924 21.17325 6.67 99.6508 to 182.7339 
Aircon 536.7216 82.18081 6.53 375.4844 to 697.9589 
ANALYSIS OF VARIANCE 
SOURCE DF SUM OF SQUARES MEAN SQUARE F R2 
Regression 4 103057663.59 25764415.9 198.92 .40335 
Residual 1177 152444878.21 129519. 9 
Totals 1181 255502541.80 
Number of homes 
Gross Floor Area ( ft 2) 
Ground Floor Area ( ft 2) 
Table 22 
SUMMARY TABLE 
STUDY I 
209 
1054/215 
STUDY II 
1664 
1105/ 384 
830/ 178 
65539 
1162/ 376 
866/ 237 
STUDY III 
56068 
1160/ 375 
864/ 238 
1182 
1247/ 396 
898/ 204 
Age of Home (as of 1976) 40.3/17.2 49.0/17.0 49.1/16.5 50.0/11.0 
Yearly Gas Use ( ft 3 X 100) 1675/ 428 1715/ 609 1636/ 465 
Yearly Electric Use (KWHR's)8713/3295 5367/2938 
Percent Stucco Homes 
Percent Wood Homes 
Percent with Forced Air 
Percent with gravity heat 
Percent with Hot Water heat 
Yearly gas use per area 
(100 cubic ft of gas per 
square ft area ) 
1. 65/ . 42 
41. 5% 
34.7% 
40.6% 
42.7% 
13.5% 
47.7% 
27.9% 
36.8% 
34.9% 
24.5% 
Note that two numbers separated by a slash signifies: 
Mean value/ Standard deviation 
48.1% 
28.2% 
36.1% 
35.5% 
25.1% 
1. 54/ . 62 
54.4% 
24.1% 
